Objective: To test whether the sudden infant death syndrome (SIDS) rate displays the universal winter maximum and summer minimum in Hawaii where there is no appreciable seasonal variation of temperature. Design: The null hypothesis is tested that there is no seasonal variation of necropsied SIDS in Hawaii. The numbers of live births and SIDS cases by month for the years 1979 to 2002 were collected and the monthly SIDS distribution is predicted based on the age at death distribution. Setting: The state of Hawaii, located in the midst of the Pacific Ocean, has a semi-tropical climate with temperatures fluctuating diurnally as 25 ¡ 5˚C throughout the year. Therefore homes are unheated and infants are not excessively swaddled. The Hawaii State Department of Health maintains vital statistics of all infant births and deaths. Main results: The results reject the null hypothesis of no seasonal variation of SIDS (p = 0.026). An explanation for the seasonal effect of the winter maximum and summer minimum for Hawaiian SIDS is that it arises from the cycle of the school session and summer vacation periods that represent variable intensity of a possible viral infection vector. SIDS rates in both Hawaii and the United States increase with parity, also indicating a possible role of school age siblings as carriers. Conclusions: The winter peak of the SIDS in Hawaii is support for the hypothesis that a low grade viral infection, insufficient by itself to be a visible cause of death at necropsy, may be implicated as contributing to SIDS in vulnerable infants. S udden infant death syndrome (SIDS, 9th International Classification of Diseases 798.0, 10th International Classification of Diseases R95) is a diagnosis used when a thorough necropsy and death scene investigation provide no apparent cause of a sudden and unexpected death in an infant or young child. SIDS has three underlying global characteristics found in virtually all studies: an age distribution sparing infants at birth, rising to a maximum rate at two months of life (63 days) and falling rapidly and approaching zero at one year 1 ; a gender distribution with a 50% male excess 2 ; and a seasonal distribution with rate maximums in the winter and rate minimums in the summer in both the northern and southern hemispheres. This seasonal variation of SIDS has been associated not only with cold weather, 5-7 paradoxical overheating by excess swaddling, 8 and air pollution, 9 10 but with respiratory infection corresponding to the school year cycle, [11] [12] [13] [14] which all have maximum effect in the winter and minimum effect in the summer. Guntheroth et al 14 concluded that ''the seasonality of sudden infant death syndrome is related to the seasonality of respiratory infections and that the seasonality is influenced by respiratory infections being spread from school children to infants during periods when schools are in session.'' The occurrence of SIDS in Hawaii, a state with no appreciable seasonal temperature variation, provides an opportunity to control for the influence of seasonal temperature changes on rates of SIDS. The seasonal relations of SIDS in Hawaii were first investigated in 1984, 13 and again in 1995 in a preliminary study for this paper. 
S
udden infant death syndrome (SIDS, 9th International Classification of Diseases 798.0, 10th International Classification of Diseases R95) is a diagnosis used when a thorough necropsy and death scene investigation provide no apparent cause of a sudden and unexpected death in an infant or young child. SIDS has three underlying global characteristics found in virtually all studies: an age distribution sparing infants at birth, rising to a maximum rate at two months of life (63 days) and falling rapidly and approaching zero at one year 1 ; a gender distribution with a 50% male excess 2 ; and a seasonal distribution with rate maximums in the winter and rate minimums in the summer in both the northern and southern hemispheres. 3 4 This seasonal variation of SIDS has been associated not only with cold weather, [5] [6] [7] paradoxical overheating by excess swaddling, 8 and air pollution, 9 10 but with respiratory infection corresponding to the school year cycle, [11] [12] [13] [14] which all have maximum effect in the winter and minimum effect in the summer. Guntheroth et al 14 concluded that ''the seasonality of sudden infant death syndrome is related to the seasonality of respiratory infections and that the seasonality is influenced by respiratory infections being spread from school children to infants during periods when schools are in session.'' The occurrence of SIDS in Hawaii, a state with no appreciable seasonal temperature variation, provides an opportunity to control for the influence of seasonal temperature changes on rates of SIDS. The seasonal relations of SIDS in Hawaii were first investigated in 1984, 13 and again in 1995 in a preliminary study for this paper. 15 The state of Hawaii is located in the midst of the Pacific Ocean (Honolulu is at 21˚20' north latitude) and has a semitropical climate. The average temperature ranges vary slightly throughout the year, cycling from about 20˚C at night to about 30˚C during the day. 16 In December 2003 the average low temperature was 20˚C but lower night time temperatures occur, with a December record low of 14˚C in 1983. Hawaii is therefore an ideal location to test the null hypothesis that there is no seasonal variation of SIDS when there is no appreciable seasonal variation from very low winter temperatures to very high summer temperatures.
METHODS
Available data for all 388 SIDS in Hawaii by necropsy status (four did not have a necropsy), age, gender, and date of death during the 24 year period 1979-2002 were provided by the Hawaii State Department of Health to obtain the seasonal age distributions and totals of monthly live births and SIDS. The expected number of births per calendar month is not a nominal one 12th of the annual total of births because of the variable number of days per month and a seasonal variation in birth rate. A convolution calculation is therefore required to estimate the expected numbers of SIDS in each month from the monthly birth rates and age distribution of SIDS. Table 1 shows the total numbers of Hawaiian births in each calendar month for the 24 year period from 1979 to 2002. The expected numbers of deaths in each month are then predicted using the SIDS age distribution in Hawaii. Table 2 shows the age distributions of SIDS during the school year and summer vacation are similar.
An infant born in December who dies at an age of less than 1 month can die in December or January and an infant born in November who dies at an age between 1 and 2 months can also die in December or January. However, for simplicity, we assume that all SIDS predicted to die at an age less than 1 month would occur in the month of birth, SIDS occurring between 1 and 2 months of life would occur in the month after the birth month, etc. A preliminary analysis showed that assuming all infants dying at age less than 1 month were occurring in the month after the month of birth, etc, provides a negligible change in the expected number of SIDS in any given month. 15 Given the total of 384 necropsied SIDS and the 1979-2002 total of 444 699 live births, the procedure chosen to estimate the expected monthly number of cases from monthly birth totals if there is no seasonal variation is as follows: from table 1, there were 37 984 births in December, and from 0.075 = probability that an infant born in December who dies of SIDS died in December.
This computation is repeated for the November birth cohort of 36 848 infants using the 1-2 month fraction of 0.260 to estimate the number born in November and dying in December, as 8.28 = 384 (36 948/444 699) (0.260), and likewise for the other 10 months.
For evaluation of the alternate hypothesis that SIDS is related to an infection vector that varies seasonally with the school year, the Hawaii State Department of Education provided the starting dates of the school years (range 1 to 5 September) and the last days of school for each year (range 7-9 June), which makes the summer vacation period slightly different than the period from 1 June 31 August we defined as summer for our seasonal analysis. A small number of rural schools in Hawaii have recently shifted to a ''multi-tract'' system of school year round with shorter breaks in between rather than the traditional long summer break but this effect is considered negligible for the analysis. By reference to the date of each SIDS we calculated the number of SIDS during the summer vacation and during the rest of the year when school was in session for comparison with the expectation for that period.
Statistical analyses of these data for seasonality were performed using the Yates's x 2 test and the Edwards' test for a sinusoidal cycle of independent events. 17 The Edwards' test is equivalent to placing a point for each calendar date of death about the rim of a circle corresponding to time intervals from 0 to 365.25 days. In the absence of any cyclic trend the centre of gravity of the data points will be at the centre of the circle, and will have a determinate sampling distribution. The distance from the centre has a test statistic equal to 22 ln p, which is a basis for rejecting a seasonal variation. The ray from the centre of the circle through the centroid of the data hits the rim at the point of peak incidence.
RESULTS
In Hawaii the age distribution of SIDS and the ,50% male excess of SIDS are similar to those throughout the continental United States and rest of the world, with a maximum rate at a completed two months of life and a ,50% excess of male SIDS. 13 Adding new data to the 95 male and 58 female SIDS reported from 1974 to 1982, 13 there were 130 male and 106 female cases from 1983 to 1998, 18 and 15 male and 9 female cases from 1999 to 2002 reported by Hawaii State Department of Health. This pronounced decrease in the SIDS rate is probably related to the adoption of the supine position for infant sleep after warning that prone sleep is the central contributory cause for SIDS. 19 The totals of 240 male and 173 female SIDS, with a 6% male excess birth rate in Hawaii, represent a 31% male excess, which is not statistically different from an expected 50% male excess rate by a Yates's x 2 test (p = 0.19). 2 The total numbers of live births and the observed and expected numbers of necropsy confirmed SIDS cases from 1979 to 2002 are shown in table 1 for each month of the year. There were 11 early June cases before the end of the school year and nine early September cases at the end of the summer vacation, so a conservative approximation of the total numbers of observed and expected SIDS in the summer vacation period is the observed and expected totals for all of June through August. This procedure of dividing the year into summer (June-August) and non-summer (September-May) was originally suggested for testing for seasonality of hospital admissions for psychoses. 20 Seventy five SIDS occurred during June to August with an expected 94.31, and 309 SIDS were observed September to May with an expected 289.69. A Yates's x 2 test rejects the null hypothesis of no seasonal variation of SIDS (p = 0.026). This result occurred during a period when the preferred sleep position had shifted from prone to supine, and while necropsy standards have become more rigorous. Despite such changes, the results confirm the earlier finding of a summer minimum for years 1974-1978 when prone sleep position was not contraindicated. There were then 11 summer and 55 non-summer 13 15 which suggests the sleep position does not contribute to the seasonal variability in death rate. These results support the conclusions of others [11] [12] [13] [14] that the school session-school vacation cycle may be a contributing factor for the observed seasonality of SIDS.
The Edwards' test 17 for an annual cycle with a single peak and a single trough as fit by a cosine wave was also used. Following the procedure, using the exact numbers of days in each month (31 January, 28.25 February, ...) the test statistic of 11.06 was found, which is equal to 22 log p, where p = 0.004. Thus the null hypothesis is rejected and the data are consistent with a seasonality of SIDS. The peak incidence was found at 31 days, corresponding to 31 January at 11:59 p.m.
In a related manner, we let an average year consist of 365.25 days so that an annual cycle can be modelled by equation 1. where pS(t) = rate of SIDS at time t: 0,t,365.25, A = a constant rate of SIDS from non-seasonal causes, B = the average of the variable rate of SIDS from seasonal causes, w = the time of maximum SIDS in the annual cycle, and pS(t) dt = probability of a SIDS occurring between time t and time t+dt.
Integrating equation 1, as pS(t) dt we can obtain an expression for the monthly expectations accounting for variable numbers of days in the monthly data, as equation 2.
where T1 is the start of a month (for example, T1 = 0 at 12 01 am on 1 January) T2 is the end of that month (for example, T2 = 31 at 11 59 pm on 31 January) S(T2)-S(T1) = the expected numbers of SIDS in the month. An optimisation program was run to minimise the sum of the squared differences between the predicted numbers of monthly SIDS and the observed numbers shown in table 1. The two parameters of the model were found to be A = 296/ 384 and w = 30 (30 January at 11 59 pm), and B is determined by continuity as 12A = 88/384. Equation 2 predicts 39.74 SIDS for January compared with the observation of 41, and the procedure is followed for the other 11 months. A Yates's x 2 statistic of the 12 predicted and observed monthly values was 8.02 with 9 df, for p = 0.523, so the cosine function of equation 1 is not rejected by this method as a reasonable description of the Hawaiian monthly SIDS data.
DISCUSSION
According to Samuels 21 ''Viral respiratory infections are the most likely trigger for sudden infant death syndrome (SIDS).'' These viruses follow the seasonal pattern of SIDS with winter maximums and summer minimums. 14 22 23 Figure 1 shows this seasonal pattern for household upper respiratory infections (URI) in Hawaii, 1974-1982, 13 which follows the pattern for respiratory syncytial virus in the US in the period [2000] [2001] [2002] [2003] . 24 The cosine function of equation 1 can be interpreted as 296 of the SIDS were not associated with a seasonally varying rate and 88 SIDS (23%) were associated with the seasonally variable causes such as viral infection and paradoxical overheating during the colder months of the school session. Viral infections are often communicated to infants by their school age siblings. Table 3 shows the incidence of SIDS increasing with parity (number of live births) in the US for 1995 to 1999. 25 East and Jacobsen 26 report that the siblings (mean age 13.6 years) of parenting teens in their study spent 10 hours a week caring for their sisters' children. East and Kiernan 27 report on a different cohort of 1510 predominantly Hispanic and black younger siblings of pregnant or parenting teens who had on average 1.8 brothers (range 0-10) and 2.8 sisters (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
These large family sizes suggest a large potential risk for the infant of a teen mother from infection via uncles and aunts of school age. Infants of unmarried mothers under 15 years and ages 15 to 19 years in the United States, 1995-1999, have the highest rates of SIDS (2.16/1000 and 1.56/1000 respectively) compared with any other age group, married or unmarried. 25 Hawaii is a top tourist destination and the visitor influx represents a possible vector of new infection from Asia and the mainland United States. Summer is the peak period for tourist visits to Hawaii. For example, in 1999 in June to August there were 1.82 million visitors and in December to February there were 1.66 million visitors 28 so the potential introduction of imported viruses would seem to be out of phase with SIDS and not likely to be responsible for the seasonal effect. However, winter visitors may have a much higher rate of viral infection than summer visitors, although a Hawaiian infant would have less chance to have contact with a tourist than a parent, or an older sibling who may be in day care or school.
Alternative explanations for the universal winter peak of SIDS are effects from cold temperatures and higher air pollution caused by winter thermal inversions and excessive use of residential space heating that are not supported here because they do not present as possible causes in Hawaii, in part because almost all homes in Hawaii are not heated. The absence of indoor space heating during milder weather when night time temperatures decrease to 15˚C may lead some parents to clothe their infant more than necessary leading to a paradoxical overheating. This is a known risk factor that can interact with the other risk factors of the prone sleep position and a respiratory infection. 29 However, excess swaddling in the winter has not been observed in Honolulu SIDS cases (personal communication: Gwen Suzuki, MD, Office of the Medical Examiner, City and County of Honolulu, 2004). The prone sleep position is the central contributory cause of SIDS, but parents tend to use the same sleep position for their infants in all seasons, so a higher use of the prone position for sleep during the winter than the summer is not a likely cause of the seasonal difference. 29 The seasonal pattern of SIDS in Hawaii where there is no large seasonal variation of temperature establishes that the global seasonal variations with maximum SIDS rates in winter and minimum SIDS rates in summer are not likely to be related to the effects of the outer air temperature itself or higher levels of air pollution commonly found during the winter. The school cycle may provide a seasonal infection vector to the SIDS infants from their siblings, if any, who are highly exposed to respiratory infections by the intimate contacts of the classroom and playground.
A myriad of other risk factors have been associated with SIDS, such as neurological prematurity, parental tobacco smoking, and a prone sleep position. 30 Because these risk factors are all non-seasonal and gender independent they also cannot be the cause of either the seasonal relation or the 50% male excess. This suggests that a low grade respiratory infection (not sufficient to be diagnosed as the cause of death at necropsy) may be a contributory factor in the terminal process that leads to the seasonality of the SIDS. 
Key points
Hawaii does not reach very low night time temperatures in the winter. Therefore the apparent cause for the annual winter maximum in Hawaiian SIDS may be a respiratory infection vector that is provided by close contact with school children.
Policy implications
Hawaiian parents need to be educated to put their infants to sleep in the supine position, to recognise the symptoms of low grade respiratory infection in infancy, and not to over clothe their infants at night during cool evenings that seem cold in comparison with the normally semi-tropical weather.
